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Cephalosporins: a microbiological update
Oi/l ,\lIrl'''/>i,'/lI!/i'rr 20IH): I, (Sul'pklllL'11l ,'): oj 1-1:;
The Yl'.lr I'N!'! Il1.lrk"d thl' !ili-I"th .lmllV('~ary of the ,la,cowry of
cl'ph.llospoI11l5. 1I101l' uk., t.h.1t 111 Ulb half-cl'll£lIIy havl' ulldoubt-
cdly li~'1.Ir<~d .1., Otll' of the l"',1 klln\\.'I. Ill') t C011l1llollly used and
1ll0\l ~uccc"li" d.I"<-'" o( alltlbl,mC\ 111 Ihl' \Cf\IW" .llPlimt a V,l\l
r.1I1~" ot' b,lct,'n.11 II1Jl:Cllllm, Th,' cl'J'lull)~I'0nm ;1.' ,I whole
COllsumtl' dl" allublOtic d.l'-S pn"lbly shO\\~Il~ die Wl\bt Ill'xibllity
o( usage. due to dll'lr \'l'ry ~rl'at vl'rsatllnv Itl tenus of 11Iokcubr
It'aturl" ..l110b.letenal ,p,'crlllnl ,Uld admllll\tr.lllOIl ~chcduks.
But. ;;0 y",II-' Oil. whal 1\ the pr,·n,,· role o( thc cl'ph:do-
\I'0nm mday' If th,' Ilulllh"r of prl',enl'rtotls is IIl,hcatl\'c (
Ih,' ,UCCl''' or ,I dnlg. th"11 We.' can saiely bllll th.lt Iht'
('·I'I1.I10\ponIl5 .1n' still a11lollg the 11I0't P0l'u!. r .ll111binl"ll'~.
Th,')' are n'n.llllly JIllOII!: till" :lllrtblOt-ics most w1Ikly u\<:,d
111 It.dy wherc, as a Ul11l1Ul' C.ISt' 111 Emope. thini-generatiOIl
-l'pll.l!o'l'0rln aft' 1I10rt' ollell USt'J Ih"l scconet-~elll'rallOIl
"11,". ",hi 'h. 111 llIm..1I't' lllore popular tho n those nf the first
!:t'nl'r.l11011. Data Oil tht' 1')'17 cOllSulnprton o( IIlJ 'ctablc
.lImhll fIC\ ill Italiatl h )\l'it;lI, show that eel'h.l)o,ponn\
account lor -I5.X% of till" lOl;ll. :1\ ag:llnst _2,6% IWllit'ilills.
21 '}11 qUllIolollCS, 1O'>,}(, allllll()-~lyco'l\ks ,md J,2'!I, macrolid,"
(H~ur,' I). NallOllal dat.1 Oil COlI\lIll1ptlOIl o( IIlJcctahle
{·orTl.."I'I.)11I.l1I1~ ,lutlll'H .lltd n:prlill rC411C5t\ (;llIl\Cppe t:onl:1gll:'l.
I'utlltn dl /1'1" T"h"Jlnb~.. IlIWI II:' Jcgil Swdl Jj V"I'OIl.l. SIT"d., Lc
(;rJ2IC K. 171,\·1 V'·lOn.I, Il.lly
F.l.~: .1') fH'; :; -161ll>
antibiotics :Jnlong outpauellc\ shnw that ':cl'halo\ponn>
account fOt 65.8% of the tm.L!. as "galllst 13.H% I'CIUClllllh.
8,4%\ amilloglycositb and 7 -I'X. hncosalludes (Figure.' 2)
The gr wlIlg 'I'read of n:sl\tancc. howevcr. llIak~ th"
thorough .IS\CSSlllem ofantihlotlc . ss,lY ,lata mandatory. espe(,l.1l1y
for m:ulI\ !>"btl'll Irom dqJ3.rtlllt'llts at paIticul. rly lugh risk,
MECHANISMS OF RESISTANCE TO CEPHAlOSPORINS
.ephalosponn aell Ity af:amst (.r:un-I'osltlvc: ba':h~na "
generally good alld, aboVl" all. largely f rClhClJble Oil the lHsh
of t1w CPldl'llllOlo~cJI data, McullnUIIl-rt";lsLlllt C:llrt:I'O 'OCC!
and staph·1 co 'n. of cour~l',. rt' cxcludcd Ii- III theIr pctrrum
of a oon (sce below).
Morc complicat.:d would "I'I'<'ar to l't' thC' \IlUaflOn wlth
rl'gal'lto ;r.11I1-lleg:m c b.\((Cn.1; partl ularly. the r'si [alKC' (I
mdividu. I l.obte5 of.1 gIven specIes I~ ottell poorlv preetlct.lhlc
as a rcsult of the p-owmg spread of p-Iactamase and tl1clr
intc:raction With t11l.' otha reslstane.: Illeeh llLlIl ....
The suscel'cibulty of ~I//I'n>/',l{INinl'l'<11' t ccph~1 ~P0nll~ v~n<-,,;
,1Ct:Mdillg to rh.: gC1l1I :lnd'l't' I''S. Tml.ly, 13--1. Cl.llll:t ~ .m: h, I~I
the fllO't i1ll1'U1't;111t f'l'\i,t1l1cl' lIleChalll m III E"/I.,."/J,,rrm<1fl',lr,
though tlI,' level of rCSlSl.lnCC onlcrrcJ aJ'>O depend, on dle
pcmlcablJitv of the Ollt,'r mcmhr.lIle to dle molecule cOllSJdercet.
h,' durd (actor th.ll det"mlll1~ the actlvlty of cel'hJloo;ponns,
I.e. till' atfilllty fof' pl'l1InllJll-bll1ding protem., (pill',). .Iso
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Figure 1 AllllblOtlC COIlSUll1ptlOIl III Italy III 1997 Inpatlcllts
Injectable
4
45,8%
3
1 Penicillins
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3 Lincosamides
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6 UT agents
7 Trim.lSulfam.
8 Amlnoglycosides
9 Tetracyclines
10 Rifampln
11 Carbapenems
12 Teicoplanin
13 Monobactams
14 Others
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1 Penicillins
2 Macrolides
3 Uncosamides
4 Cephalosporins
5 Fluoroquinolones
6 UT agents
7 TrimJSulfam.
8 Aminoglycosides
9 Tetracyclines
10 Others
Figure 2 Antibiotic consumptIon In Italy In
1997: outpatients.
23,9% TOTAL
tnIluences the overall action of the drug. However, it
undoubtedly plays a less important role than IS observed in
Gram-posiove bacteria, where the production of ]ow-allinity
PB? alone giVt'ji me to III ~or resistance phcnome:n~ [I).
Most Emcrolul(/l'riarea/' produ e v, nable amounts of con-
stitutive or inducible hromos mal tJ-l. ctam, es with ig-
mficant differences in relation to the genus • nd pecies
concerned. Over recent yean. however, the epidemiology of
resisunce has shown substantial changes owing to the
app arance of new enzymes coded for by plasl11ids.
hrolllosomaI ~-hlctal11 re pra rically ubiquitous in
Ellft'm/JlUll'rioa:ac. but vary con. iderably as regards the :uuounts
produced and the modalities of production. Their expr"'$sion
may be inducible or constitutive depending on the genus and
SPCClCS concerned. On the basis of thei"r mole ulac class nd
mducibility or othen Ise, we can distinguish between four
types of chromosomal enzyme [2]: noninducible cl. s
enzymes; inducible: class C enzymes; noninducible class A
enzymcs; and inducible class A enzymes.
Plumid J}-Iactamases ,re phenomen n typical of Euler-
lIboamateae, whereas they are encountered much more rarely
in l'sClld/,moIJas acrllgillllStl and in th other nonfermentative
b3crem. n the basis of the mole ular class they belong co and
the a rivity spectrum, we can distinguish between four eypes
of plasmid enzymes [2]: (1) 'da 'c' ~-l ct3mases (TEM-I,
TEM-2. SHV-I, mCA-I); (2) EM-and SHY-derived
extended-spectrum tJ-lactanl.1 e.~; (3) other cXtcnded- pectrum
/l-IaCunl3SCS (unrehted to TEM and SHV); and (4) inWbitor-
resistant TEM-derived p-bctanuscs (lR
l'sclldolllOllQS lltnlglllosa exhibi intrinsi resi lance to various
cephalosporins. The fuctors thaI c ntribut to ellIS an: as
follows: reduced ccessibility of tIle Drge nd production, in
all species, of an endogenous ~-~ Ctllfllase, which i! a class
chromosomal enzyme belonging to group 1 of the Bush-
Jacoby-Medeiros claSSlfication 13].
As. regards the l11echarusms underlying the reduced
accessibility, a reduced outer membrane pemleability IS
characteristic of tM specie, as compared. for instance, with
the Eutcrobartl'n'nrear and with other Gram-negative pecie.~. In
addition, the incn-asing importance is emerging of phenomena
involving active efflux of the dnlgs from the periplasmic space,
mediared by transp rt systems that use the membrane proton
brradient as a ouree of energy and arc ap, ble of transporting
v nous families of drugs (p-lactams. quinoloncs. tetr.lcyclines
and hloramphenicol) QUI of the ceU. thus contributing 10 the
intrinsic resistance of P. (/(.'TI~illll 0 t these drugs [4,51.
The ~ccluircd resistance to ceph.tlosp rins endowed with anti-
PselldllmallllS acnvtty C311 also be mediated (i) by the produ tion of
/l-Iactamase, which in 111m is due to a mutation that dcreprcsse
the: produ non of endogenous j3-lactamase or to the acquisition
f a nt:\ ~-lact:ul1ase by gene !:ramler, or (ii) by reduced
acccs.~ibility of the drug to the targel. Both mechanislm may be
pn:senr imultaneously, with a synergi. tic-type decr.
CUNICAL USE AND ANTIBACTERIAL SPECTRUM
Data from the naDon-wide 1 GAR I1t0/11toring pr gram [61.
obtained in 1998 from ovc::r 3 enters, ~howed that te IS for
susceptibility to eep~l SPOrillS accounted for 19.2% f all
wcepribility te IS (roughly 1.8 million) as ,gainst 21.3% Co r
penicillins, 4.7% for carbapenems, 1.1.7% for quinolones,
14.3% for aminoglyco id and 4.7% for macrolides (Figure 3).
Thi.s pcrccnmge is mostly made up oft~.'lts n third-generation
cephalosporilu (58% of t.esl~ on ephal sporins, and 11.3% of
II . ntibioti tests), while those perfomlcd on .econd- and
6nt-generation cephalosporin.~ (14% and 26%, respectively)
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Figure 3 Tests 10' suseoPlib,hty 10 Onl,b,o·
"es in Ilaly ,n 1997
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Figure 4 Tosls for sllseepllb,hty 10 COphfllosporllls ,n Italy In 1997.
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.Irc til' less freqllcilf ( I~re 4). In det:ul, cephalo ponn
\m epnhiliry (em J ',:olllllC'd lor 24.0% of \lIscepnblllry teStS
Illr r:"'I'n'/I"rfl'ri,lrrm', 22.(,'X, of tho e for (>srud,""(IIWI \I'p.,
10.5%, ,f rhme for \trl'll((l 'oeci, I fJ.3% of (hO\l' for
\l.lphylococ I. 197% of Iho~ for Hamllll,llilus ,,!{lUI1l:,1r .md
J I I%, of those for ~naerobe\ (FIgure 5).
Thc cndllnn~ populariry of rhclr slIKcptlblhry tC'nng
rdJecrs the fJCt th, r 50 YC~r\ ~tter thell d"covery cephalo\-
ponns ~re stiU rl.'co1ll11lclldcd 111 the 1110 r reputed ~llldellllc, d\
pril11~ry rC~llIcn\ in Ihe t1H'rap' (\11(<: m m oc lInng 111 3
Wide r:lIl!{C of dlfierclll pathologu: .
I we (:Ike, for I.';I;Jl11pll', Ihe late t edition of th.: - ,!{<'rd (;,/1,1.'
171, W~ ,t:c that eephalosporins are Jlllong the dnlgs I1lQ\r
frl'l]Llcntly adVised a\ Ii,..;r ehol c for LnJoaJ antibiotic rJ1Cf:lpy.
A rhl! 1-~l.'n"13t1on c..ph:lIosponn IS Imll 'ated as "ngl~- Img
t11t'r:tpy for mbdll13J empyema allJ In pnnury c:rchral
abSCl's\e\ anl!, in combnullon 'nth van Illycm, III 1'011-
\lIr~cal or po t-tr:tLlI1l. ric cerebral ,1>5C" S",. In addition 10
Figure 6 Ineld nees of teslS for suscepl
IlJlllly 10 cephalosporrns In dlllereni groups of
mIcro-organISms ,n Italy III 1997
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bClng J tim- ·hOl.:e therapy for meningitis (in comblllation
wllh .lIllPICIUIII :wd/or \ n omyem. If ,ral1l-ncgaoVl' b. ctcna
Jrc n I dctcctcd..md III C I11billation with gentamicin in cases
"Iuscd by r:lI11-negativc organisms).
ephJlosporins (second- or third-gcneration. generally in
comblllation With tctracyclines or macrolides) are also
recommended among the first- hoice therapies for thc
trc. tment of gcnital rr:tCl di case . such as gonorrhoea, ~oft
chancre:. cpnc abortion. endometritis. pdvi inflanm1.3tory
dISC.IS<: Jnd Ihrornb phlebms 0 the pelvic v ins.
A third... or ourth-gencration cephalosporin is recommended
III onns cxtcm.a and in maswidins and. as lin altcrnative to a
second-gener: non cephalo ponn. 111 the treatment of ontlS
ml·dia. llurd-gt'neration cephalosproilu arc first-choice dru~
In the tTC<lmlCII{ of conjunctivitis and. in ombination with
\";Incomycm. in the tTe:lmlelll of hCITIJtOgenous endophthalmios
and kcraons (excluding fornlS due to PSClldol/lcltltlS aen/ginosa).
The Sa,yord Cllidt also assigns a lTL'ljor role to cephalosporins
III whal arc probably the mo. t widc pread mfections, namely
th c of the respiratory and urinary tra ts. In urinary rr:tcl
IIIlecaons, oral ct'phalo porim re recommended for asympto-
m;ltlc ba criun. and uncomplicated ute infectiom, while
third-generati n ce:phalosporin.~ are a in the 6r;;t-ch ice:
thcrapy in acute pyelonephritis. Third-generation cephalospor-
illS arc also IOdlcated among the first-chOIce dnlgs for both
commulllty and nosocomial pneumonia (including pneumonia
in IIlllllUn depr( cd patients or in patient.~ uffering from cystic
!ibn .. ) . nd III empyema (in combination with c1indamycin).
rom the microbiologic. I t3ndpoint, the main reason for
the exten Ive usc of ccphalosporin.~ lies, of course, in their
broad spectrum ofantibactccal activiry. All the cephalosporins
rt' soU broadly active a in.n ~-hemolytic creptococCI
belon¢ng t group A. B, and • nd goo I activity .is
generally found against StrtptoUlltliS plIl!l/moniat and Illethicillin-
~n itive laphY/lICOltliS aI/tellS. The c phalosporins are: also
endowed with broad pectrum of a tivity against ditE ult
pathogens ICb. Neissl'rio gonorr"oeae, Neisseria mcnillgi/idis,
\lloraxrlla latarrhalis and Hacmophi/lis 1"j1l1t11zae. In the CISe of
this latter m.i roorgani.sm. tht: AleX2ll er Project data confinu
he virtu I absence f resi tance to third-generation cephalos-
poons [1. hlle the incre:ulng read of J3-laccamase-
producing trains h led in tecent yea to aD Increased
incid n e of r in:mce t other 13-1 c ms more ensitive to
th e enzym • including the second-generation eel'halo por-
ins. which up until not so very long ago could be used with a
.uble degree ofs fety.
If n w we g on to consider the bacteria belonging to the
E .terobalteriaGea fimily, it dearly emerges that the cephalos-
porin of the latest g ner.ltioru re endowed with an
anab cteri:l1 a tivity spectrum thac L~ decidedly broader than
th'll of their fil'!c- and second-generation counterparts.
pamcularly With regard 10 ElllcroblU'tl'r and "rralia [71. The
IIlcreaslIlg spread of chrolllo.ornal and plasmid ~-1:Ictallla.c in
thi btter ~re ies. however. III ke~ it cs..~ellti 1 to ev. luate thr
effective ~us eptihrlity of clinical i late. 011 the basi. of the
data provided by the microbiology laboratory.
The actiVIty specrrum of the third-generation ce:phalospor-
illS IOcludes P. aerugil/llsa and the oUlcr nonfennenting
bacterin. \ ith the ObV10U exception of tt'/IotropllOIlHII/II5
ma/tophi/ill. For these: bactena, t ,however. t1us finding
comtitute~ only a theoretic. I possibility that, II'l view of the
lIlcreasmg spread of re!>lstance to all ll-bctalll and to ther
antlbiotlcs. make!; il mandatory to carry Out a thor ugh
ev IUJtlon of the d ta provided by :lIlribiotlc assays perfonllcd
on Isolated train., p. ro ularly when the e cOllie from
del' rtlTlellts such as hematology and intensive care.
CONCLUSIONS
Despite the dIfFusion of resistance mechanLsm$ among Gram-
po itivc o rg;1ll isms. mo ely broad- and extended-spectrum ~­
lact. mases. ceph 10 porins re still highly effective agaJnst the
vast majority of H. i"j/Hrnzae, E"lerobactuiaceae and. albeit to a
lesser extent, PSI!UdOIllOlltlS . pp. In the latter genus. isoL1teS
resi t:lnt to third-generation cephalosporins are in many cases
also rcslstant to quinoloncs and carbapenems.
The increasing diffilsion of chromosomal and plasmid p-
IactJnl: ses makes it e$! ential to evaluat the effective
t1Sceptibility f the clinical i.~01:ltes in all c. scs, basing the
therapy on the data furnished by the microbiology laboratory
and at the same time as essing the effectivc incidence of
resistant strains. especiaU when Ul e come from dcpamnenrs
at p. mcularly high risk.
bserv. nee of these prec ution.s Illay contribute towards an
improved lise of cephalosporins and towards maintaining their
substantial efficacy in the bce of the di curbing world-wide
increase in bacterial resistancc to all known antibiotics.
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